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TEARDOWN REPORT
OF TWO MODEL TPE331-5-252M
TURBOPROP ENGINES
SERIAL NUMBERS P-30003C
AND P-30012C

1.0 INTRODUCTION AND SUMMARY

1.1 PURPOSE

This report presents the findings of the teardown inspection conducted on two Honeywell
(Garrett) Model TPE331-5-252M Turboprop Engines, Serial Numbers P-30003C and P-30012C,
at the Product Safety & Integrity Investigation Laboratory in Phoenix, AZ on February 8 and 9,
2000,

The inspection was conducted at the request of, and under the cognizance of, the National
Transportation Safety Board (NTSB).

1.2 BACKGROUND

The engines, Serial Numbers P-30003C and P-30012C, were installed in the left and right
nacelles respectively, of a Mitsubishi MU-2B-26A aircraft, Registration Number N386TM. The
aircraft crashed shortly after takeoff from San Antonio, Texas on January 22, 2000. Witness
reports indicated that the right propeller was not rotating just after lift-off.

The engines were delivered to the Product Safety and Integrity Investigation Laboratory
where they were secured in a locked storage area until the teardown inspection commenced.

1.3 SUMMARY

The teardown and examination of the left engine (S/N P-30003C) disclosed that the type
and degree of damage was indicative of engine rotation and operation at the time of impact with
the ground.

No pre-existing conditions were found on the left engine (S/N P-30003C) that would have
interfered with normal operation.

The teardown and examination of the right engine (S/N P-30012C) disclosed that the type
and degree of damage was indicative of an engine that was not operating at the time of impact.

The right engine (S/N P-30012C) fuet bypass valve was found to be inoperative. Excluding
this condition, no pre-existing conditions were found on the right engine that would have
interfered with normal operation.

PS&1:DC:196:072800
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2.0 FINDINGS OF TPE331-5-252M, TURBOPROP ENGINE, SERIAL NUMBER P-30003C,
LEFT ENGINE

NOTES
All references to position are aft looking forward, unless otherwise noted.

All observations reported hercin are based on visnal examinations with the unaided eye,
unless otherwise noted.

2.1 GENERAL
(a) General:

o The engine was received in a Honeywell engine-shipping container (Figure 1).
o There was cvidence of fire damage (Figures 2, 3, and 4).

There was soot covering the combustor plenum area and the (ucl control area.

The engine propeller shaft was not free to rotate upon initial inspection.

The engine power section was not frec to rotate upon initial inspection.

There was soot in the air inlet (Figure 5).

(b) Oil flow metal (beta) tube:
s Bent in multiple locations.

(c) Mounts (Figure 6);
Right aircraft/engine mount:
e (One bolt was loose.
e Intact

Top aircraft/engine mount:
e Fractured.

Left aircraft/engine mount:
e Infact '

2.2 OUTPUT GEARBOX (NOSE CONL) ASSEMBLY
(a) Nose-cone housing (Figures 7 and 8):
e Fractured at five mounted holes.
e There was dirt adhering to the external surfaces.
e Rotational scoring adjacent to the propeller seal.

{(b) Propeller mount flange:
e Fractured and torn with approximately 60 degrees missing (Figure 5).

Propeller shaft mount flange alignment dowels:
e One was undamaged and the other was not returned (Iigure 5).

PS&I:DC:196:072800
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Forward propeller shaft ball bearing mount bolts:
e [Iractured.

(c) Propeller shaft:

o Rotational scoring through approximately 270 degrees on the aft taper (Figure 10).
e Rotational scoring through 360 degrees in the area adjacent to the propeller shaft nut
(Figure 9) with corresponding rotational scoring on the sun gear (Figure 15).

Propeller shatt nut:
e Appeared to be undamaged.

Forward propeller shaft seal:
o Appeared to be undamaged.

Propeller shaft coupling:
o Appeared to be undamaged.

(d) Propeller Bearings:
Propeller shaft forward ball bearing;
o Appeared to be undamaged.

Propeller shaft aft ball bearing:
e Appeared to be undamaged.

Propeller shaft roller bearing:
» Appeared to be undamaged.

(c) Propeller Shaft Air/Oil Seals:
Propeller shaft air/oil carbon seal:
o Carbon element was fractured.

Propeller shaft air/rotor seal:
o Fractured.

(f) Ring gear:
e Appeared to be undamaged.

Ring gear support:

s Gouged by the planetary gears in eight locations (Figure 13) with corresponding
damage to the planetary gears (Figure 12).

Ring gear retainers:
o Appeared to be undamaged.

PS&I:DC:196:072800
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() Air / Oil Vent Valve (Figure 14):
¢ Appcared to be undamaged.
o Exterior covered with dirt.

2.3 INTERMEDIATE GEARBOX (DIAPHRAGM) ASSEMBILY
(a) Diaphragm Housing:
Forward diaphragm housing:
e Fractured at three mounting holes.

Aft diaphragm housing (Figurc 16):
e Cracked in multiple locations.

{b) Bull gear:
e Appeared to be undamaged.
e Not disassembled, rotated with some resistance.

Forward bull-gear bearing:
e Displaccd aft but otherwise appeared undamaged.

Aft bull-gear bearing:
e The outer race was damaged.
e Displaced afl.

(c) Sun gear:

e Rotational scoring on the forward face and inner bore through 360 degrees (I'igure
15) with corresponding rotational scoring on the propeller shaft (Figure 9),
e Shavings were found on the forward face, inner-bore.

(d) High speed pinion (HSP):
¢ Rotated freely.
e (ouged on three teeth.

Forward high speed pinion bearing:
e Appeared to be undamaged.

Aft high speed pinion bearing:
e Appeared to be undamaged.

(e) HSP-to-power section coupling shaft:

e The unit was not disassembled for a detailed inspection yet appeared to be
undamaged.

PS&1:DC:196:072800
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Shouldered ball-lock shatft;
e Not accessed during the examination.

Negative torque sensor (NTS) quill shaft:
o Not accessed during the examination.

(f) Hydraulic pump drive gearshaft:
e Rotated freely.
e Appeared 10 be undamaged.

(g) Propeller governor drive:
e Appeared to be undamaged.

(h) Starter/generator drive gearshaft:
o Damaged on the spline interface lip.

(1) Gearbox oii-scavenge pump drive shaft:
s Displayed greese on the splines.
e Bent on the flange near the oil scavenge pump.

(j) Idler spur gearshaft:
e Fractured on the bearing race in the diaphragm (Figure 17).

(k) Planet gear assembly:
Planet gear carrier (Figure 11):
e Appeared to be undamaged.

All four planet gears:

e Scoring on the aft face (Figure 12) with corresponding damage on the ring gear
support (Figure 13).

e Not disassembled, rotated with some resistance.

2.4 ACCESSORY DRIVE HOUSING (GEARCASE) ASSEMBLY
(a) Exterior (non oil-wetted) of the gearcasc housing:
e Intact.

(b) Anti-ice shield:
e [Intact.

(¢) Air inlet portion of the gearcase assembly:
e Intact.

PS&I:DC:196:072800
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(d) Forward (compressor} main-shaft nut:
e Appeared to be undamaged.

(e) Main shaft gear:
s Appearcd to be undamaged.

(f) Compressor bearing:
e Appearcd to be undamaged.
» Contained residual oil.

{g) Compressor air/oil carbon seal:
e Appeared to be undamaged.

(h) Fuel-pump drive shatt (Figure 56):
e Appeared to be undamaged.
o Displayed greasc on the splines.

(i) Gearbox oil-scavenge pump drive gearshalt:

e Appeared to be undamaged.
e Rotated freely.

(i) Tach/generator drive gearshaft:
e Appeared Lo be undamaged.
e Rotated freely.

(k) Engine Mounting Pads:
Left aircraft/engine mount pad:
e Intact.

Right aircraft/engine mount pad:
o Intact.

Top aircraft/engine mount pad:
e Intact.

2.5 TORQUE SENSOR SYSTEM AND DDFC GEAR SYSTEM

(a) Torque sensor housing (Figures 18 and 20}
e Part Number: 896826-8.

e Cracked adjacent to the helical cam gear.

(b) First direct drive fuel-control (DDFC) gear (through the torque sensor housing):

e Appeared to be undamaged.

PS&I:DC:196:072800
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(c) Second DDFC gear (through the torque sensor housing):
o (Gearshalt fractured (Figures 18, 20, and 21).

(d) Third DDFC gear (double gear):
e Appeared to be undamaged (Figurcs 19 and 21).

{e) Fourth DDFC gear (atiached to the tach/generator drive gear):
e Web was bent (I'igure 22).

(f) Helical / cam gear (Figure 21):
e Appeared to be undamaged.

2.6 COMPRESSOR SECTION
(a) Shouldered (main) shall (Figure 23):
e Appearcd to be undamaged.

(b) Torsion shaft (Figure 23):
e Fractured.

(c) I'irst-stage compressor impeller shroud:
e Covered with soot.

e Contour rub through approximately 90 degrees at the exit with corresponding
rotational scoring on the shroud line edge.

(d) First-stage compressor impeller (Figures 24 and 25):

e Rotational scoring on the shroud linc edge with corresponding rotational scoring on
the first-stage compressor impeller shroud.

e Serial Number: 4-03501-5014.

e Part Number: §96223-3.

¢ Rotational scoring on the aft hub through 360 degrees with a corresponding rub on
the crossover duct seals (Figurc 26).

e Leading-edges bent opposite to the direction of rotation on three blades.

e All of the blades were covered with soot.

o Metallic particles adhering to impeller exit flowpath channel.

First-stage compressor impeller aft curvic coupling:
e Appeared to be undamaged.

{e) First-stage compressor diffuser (crossover duct):
e Appeared to be undamaged.
e There was dirt adhering to the vane surfaces (Figure 26).

PS&I:DC:196:072800
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First-stage compressor diffuser Jabyrinth seal support:
e Intact.

Phenolic seal on the I of the crossover duct:
s Seal was chipped in one location.

e Rubbed on seals (Figure 26) with corresponding rotational scoring on the aft hub of
the first-stage compressor tmpeller.

(f) Housing for second-stage compressor shroud:
e Compression wrinkles (axially crushed).

(2) Sccond-stage impeller shroud:
e Contour rub through approximately 180 degrees at the inlet and 360 degrees at the
exit (Figures 27 and 28) with corresponding rotational scoring on the second-stage
compressor impeller blades (Figure 29).

(h) Second-stage compressor impeller:

e Rotational scoring at the inlet and exit on the shroud line edge of all the blades
(Figure 29) with corresponding rotational scoring on the second-stage impeller
shroud.

e Serial Number: 1-03501-4267.

e Part Number: 893772-7.

e All of the blades were covered with soot.

Second-slage compressor impeller forward curvie coupling:
e Appeared to be undamaged.

Second-stage compressor impeller aft curvic coupling:
e Appeared to be undamaged.

(1) Second-slage compressor diffuser vane assembly:
e Was crushed in one location (Figure 30).

2.7 COMBUSTOR SECTION
(a) Combustor plenum case (Figure 31):
s Intact.
e Soot on external surface.

(b) Combustion chamber (Figure 32):
e Appeared to be undamaged.

(¢) Inner transition liner (Figurc 33):
e Appeared to be undamaged.

PS&I:DC:196:072800
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{d) Outer transition liner (Figure 34):
e Appeared to be undamaged.
e There was dirt adhering to the inner surfaces.

Quter transition liner labyrinth seal:
e Some wear but otherwise appeared to be undamaged.

2.8 TURBINE SECTION
(a) Center curvic (Figure 35):
o Appeared to be undamaged.

Center curvic forward curvic coupling:
o Appeared to be undamaged.

Center curvic aft curvic coupling:
e Appeared to be undamaged.

Center curvic knife-cdge seal:
e Some wear but otherwise appeared to be undamaged.

{b) T'irst-stage turbine stator (Figure 36):
» Intact.

(c) First-stage turbine blade tip shroud (Figurc 40):

» Rotational scoring through approximately 90 degrees with corresponding rotational
scoring to the first-stage turbine rotor blade tips (Figure 39).

(d) First-stage turbine rotor (Figures 37 and 38):

o Part Number: 867569-7.

* Serial Number: ?45-59167.

» Rotational scoring on all of the bladc tips (Tigure 39) with corresponding rotational
scoring on the tirst-stage turbine blade tip shroud.
Nine blades with corner separations on the blade-tip trailing edges (Figure 39).
Rotational scoring on the aft blade platforms.
Metal spray deposits on the suction side of the bladcs.
Lot Number: 4667.

First-stage turbine forward curvic (Figure 37):
e Appeared to be undamaged.

First-stage turbine aft curvic (Figure 38):

® Appeared to be undamaged.

PS&IL:DC:196:072800
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(e) Second-stage turbine stator:
e Intacl.
e Metal spray deposits on the suction side of the vanes (Figure 41).
e There was dirt adhering to the suction surfaces of the vanes.

Second-stage turbine stator abradable seal:
e Some wear but otherwise appearcd to be undamaged.

(f) Second-stage turbine blade tip shroud:
e Appeared to be undamaged.

(g) Second-stage turbine rotor (Figures 42 and 43):
e Parl Number: 868272-1.
Serial Number: 3-01345-3503.
Rotational scoring on the aft edge of the blade tips (Figure 44).
Rotational scoring on the aft blade platforms.
Melal spray deposits on the suction side of the bladcs.
Lot Number: 4590.

Second-stage turbine rotor knife-edge labyrinth scal:
¢ Some wear but otherwise appeared (o be undamaged.

Second-stage (urbine forward curvic (Figure 42):
s Appeared to be undamaged.

Second-stage turbine aft curvic (Figure 43):
e Appeared to be undamaged.

(h} Third-stage turbine stator (Figures 45 and 46):
¢ Serial Number: 6-01345-0198.
o Part Number: 868379-3.
s Intact.
s Metal spray deposits on the suction side of the vanes (Figure 47).

Third-stage turbine stator abradable seal:
& Rotational] scoring through approximately 75 degrees.

(1) Third-stage turbine blade tip shroud:
& Appeared to be undamaged.

(j) Third-stage turbine rotor (Figures 48 and 49):
& Part Number: 868630-9.
& Serial Number: 8-01345-6175.
& Rotational scoring on the aft blade platforms.

PS&I:DC:196:072800
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e Metal spray deposits on the suction side of the blades (Figure 50).

e Lot Number: 9293,

Third-stage turbine rotor knife-edge labyrinth seal:
e Some wear but otherwise appeared to be undamaged.

Third-stage turbine forward curvic (Figure 48):
o Appeared to be undamaged.

Third-stage turbine aft curvic (I'igure 49}):
o Appeared to be undamaged.

(k) Rear curvic coupling (Figure 51):
e Appcared to be undamaged.

(1) Engine exhaust duct:
e Intact.
o Soot on the external surfaces,

(m) Thermocouple harness assembly (Figure 53):
e Appeared to be undamaged.

Interstage turbine temperature (ITT) thermocouple probes:
e Appeared to be undamaged.

(n) Turbine bearing support housing (Figure 52):
e Intact.

(0) Turbine oil-scavenge pump drive shaft:
e Appeared to be undamaged.
o Rotated freely.

(p) Turbine air/oil carbon seal:
e Appeared to be undamaged.

(q) Turbine roller bearing:
e Appeared to be undamaged.

(r) Aft (turbine) main-shaft nut:
» Appeared to be undamaged.

PS&1:DC:196:072800
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29FUEL

(a) Fuel shutoff solenoid valve {(Figure 55):

Part Number: 394230-4-1.

Serial Number: P-3757.

Contained residual fuel.

The solenoid was partially separated from valve body.
Dented on the solenoid cover.

(b) Fuel pump (Figures 57 and 58):

Serial Number: P-143187.

Part Number: 869151-5.

Appeared to be undamaged.

The fuel pump was functionally tested, and found to be operable (see Appendix 1).

The following conditions were observed:

1. The discharge fuel flow recorded at an input shaft speed of 545 +/- 10 rpm was 36
pph, 104 pph below the minimum limit of 140 pph. This condition would have
resulted in lower than specification fuel flow during the initial engine start
sequence and would not have affected satisfactory engine operation.

2. The discharge fuel flow recorded at an input shaft speed of 4536 +/- 10 rpm was
1700 pph, 350 over the minimum limit of 1350 pph. This condition would not
have affccted satisfactory engine operation.

3. The discharge pressure recorded at an input shaft speed of 4536 +/- 10 rpm was
820 psig, 505 psig below the minimum limit of 1325 psig. Fuel control discharge
pressure at maximum fuel tlow is 575 psig, 245 psig below the recorded pump
discharge pressure, Typical pressure losses through the fuel control are less than
100 psig. Sufficient margin remains to conclude that this condition would not
have affected satistactory engine operation.

(c) Fuel control (Figures 57 and 58):

Dataplate and flight idle adjustment plate were missing.

Covered in soot.

The power lever was sheared ofl.

The speed lever was bent.

Not functionally tested in Phoenix due to damage. The unit was sent to Woodward
Governor Company for testing and evaluation (see Attachment I).

(d) Fuel flow divider valve (Figurc 61):

Part Number: 867465-1.
Appeared to be undamaged.
Covered in soot.

Not functionally tested.

{e) Secondary (run) fuel manifold hose assembly (Figure 39):

Fractured in one location,

PS&I:DC:196:072800
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e External surfaces discolored and burned.

Run (ucl nozzles:
e (Carbon deposits on all of the nozzles,
o Appearcd to be undamaged.

(f) Primary (start) fuel manifold hose assembly (Figure 60):

e [External surfaces discolored and burned.,

Start fuel nozzles:
e Carbon deposits on two nozzles.

2.10 OIL.

(a) Magnetic drain plug {chip detector):
e A single chip was found on the tip (Figure 65).

(b) O1l pressure pump:
e Rotated freely.
e Appeared to be undamaged.
(c) Gearbox oil-scavenge pump:
e Drive was not free to rotate.
e Appeared to be undamaged.

(d) Turbine oil-scavenge pump (Figure 63):
e Rotated freely.
e Appcared to be undamaged.

(e) Oil Tank (Figure 62):
o Crushed.

() Oil Temperature Sensor {Figure 66):
e Appcared to be undamaged.

(g) NTS Qil Regulator (Figure 67):
e (-rings intact.
e Appeared Lo be undamaged.

211 ELECTRICAL

(a) Ignition exciter:
e Serial Number: 391725,
e Part Number: 868962-2.
e Model Number: TCN-2120.

PS&I:DC:196:072800
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e Appeared to be undamaged.

(b} Excitor to ignitor lead assembly:
e Wiring was burned.

(c) Ignitors (Figure 54):
Dummy ignitor plug:
e Appeared to be undamaged.

[gnitor (1):
e Appeared to be undamaged.

Ignitor (2):
e Appeared to be undamaged.

2.12 MISCELLANEOUS

(a) Propeller governor (Figure 68):
e Serial Number: P-120.
Part Number: 895490-5.

[ ]
e Drive splinc was not free to rotate.
[ ]

Nol functionally tested.

(b) Propeller pitch control (Figure 69):
e Serial Number: P-1560.
e Part Number: 895481-2 Series 3.
e Covered in soot.
e Mount flange was fractured.

{c) Starter/generator (aircrafi component):
e Not returned.

(d) Tach generator:
e Serial Number: 8914,
e Part Number: AG34.
e Appeared to be undamaged.

(e) Anti-ice valve (Figure 70):

e Not functionally tested.
Part Number: 319980-6-1.
Serial Number: P-6402.

damage.

PS&L:DC:196:072800
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o Closed. The valve was x-rayed and the internal springs were found to be intact. The
valve seats were still engaged despite the partial separation of the solenoid from the
actuator housing.

(1) Feather valve:
e Not functionally tested.
e Acluator arm connector was separated such that the internal spring was visible.
s (il transfer tube intact (Figure 64),

(g) Fuel Bypass Valve:
o Sertal Number: 4-08044-291.
e Part Number: 895380-4.

Appeared to be undamaged (I'igure 72).
Functionally tesied (See Appendix I). No discrepancies were found that would have
affected satisfactory engine operation.

(h) TT2 Temperature Scnsor (Figure 71):
o Appeared to be undamaged.
e Not {unctionally tested.

PS&I:DC:196:072800
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3.0 FINDINGS OF TPE331-5-252M, TURBOPROP ENGINE, SERIAL NUMBER P-30012C,
RIGHT ENGINE

3.1 GENERAL
(a) General:
e The engine was received in a Honeywell engine-shipping container (Figure 73).
o There was evidence of fire damage (Figures 74, 75, and 706).
o There was evidence of impact damage (Figures 75 and 76).
e The engine propeller shaft was not free to rotate upon initial inspection.
e The engine power section was not free to rotate upon initial inspection.

(b) Mounts (Figure 77):
Right aircratt/engine mount:
e Intact.

Left aircraft/engine mount:
e Intact.

Top aircraft/engine mount:
e Fractured.

3.2 OUTPUT GEARBOX (NOSE CONE) ASSEMBILY
(a) Nose-cone housing (Figures 78 and 79):
e Fractured.
e Punctured on the lower left side.
e There was soot adhering to the cxternal surface.

(b) Propeller mount flange (Figure 79):
e Appeared to be undamaged.

Propeller shaft mount flange alignment dowels (Figure 79):
e Appeared to be undamaged.

Forward propelier shaft ball bearing mount boits (Figure 81):
e Fractured, bolts removed by hand.

(c) Propeller shatft:

e Rotational scoring through approximately 180 degrees near the aft taper (Figure 83).
e  Wiincss mark through 360 degrees near the propeller shaft nut (Figure 82).

Propeller shatt nut:
e Appeared to be undamaged.

PS&I:DC:196:072800
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Forward propeller shaft seal:
e Appeared to be undamaged.

Propeller shaft coupling;
e Appeared to be undamaged.

(d) Propeller Bearings:
Propeller shaft forward ball bearing:
e Appeared to be undamaged.

Propeller shaft afi ball bearing (Figure 84):
e Appearcd to be undamaged.

Propeller shaft roller bearing;:
e Appeared to be undamaged.

(e) Propeller Shall Air/Oil Seals:
Propeller shaft air/oil carbon seal:
s Appeared to be undamaged.

Propciler shaft air/rotor seal:
s Appeared to be undamaged.

(f) Ring gear:
o Appeared to be undamaged.

Ring gear support;

¢ (Gouged by the planetary gears on the forward face (Figure 87) with corresponding

damage to the planetary gears (Figure 86).
o Displayed two elongated mounting holes.

Ring gear retainers:
s Appearcd to be undamaged (Figurc 88).

(g) Air / Oil Vent Valve (Figure 80):
e Appeared to be undamaged.

3.3 INTERMEDIATE GEARBOX (DIAPHRAGM) ASSEMBLY
{(a) Diaphragm Housing:
Forward diaphragm housing (Figure 91):
& Intact.

PS&I:DC:196:072800
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Aft diaphragm housing (Figure 90):
o [Intact.

(b) Bull gear:
s Rotated freely.
¢ Not disassembled, appeared to be undamaged.

Forward bull-gear bearing:
s Not disassembled, appeared to be undamaged.

Aft bull-gear bearing:
¢ Not disassembled, appeared to be undamaged.

(c) Sun gear:

e Rotational scoring on the aft facc of the sun gear nut with corresponding damage to

the torque sensor housing (Figure 94).

(d) High speed pinion (HSP):
¢ Rotated freely,
o Appeared o be undamaged.

Forward high-speed pinion bearing:
o Not disassembled but rotated freely.

Aft high-speed pinion bearing:
e Not disassembled but rotated freely.

(e) HSP-to-power section coupling shaft (Figure 89):
o Appeared to be undamaged.

Shouldcred ball-lock shaft (I'igure 89):
e Appeared to be undamaged.

Negative torque sensor (NTS) quill shaft (Figure 89):
e Appearced to be undamaged.

(f) Hydraulic pump drive gearshatt:
e Appeared to be undamaged.
¢ Rotated freely,

(g) Propcller governor drive:
e Appeared to be undamaged.
e Rotated freely,

PS&I1:DC:196:072800
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. (h) Starter/generator drive gearshaft:
e Appeared to be undamaged.
e Rotated freely.

(1) Gearbox oil-scavenge pump drive shaft:
e Bent flange.

(j) Idler spur gearshaft:
e Appeared to be undamaged.
¢ Rotated freely.

(k) Planet gear assembly (Iigure 85):
Planct gear carrier:
e Intact.

All four planet gears:
e Rotated freely.

o Displayed line pattern across aft gear face and teeth (Figure 86) with corresponding
damage to the ring gear support (Figure 87).

All four planet gear bearings:
o Not accessed but appeared to be undamaged.

3.4 ACCLESSORY DRIVE HOUSING (GEARCASE) ASSEMBLY
(a) Gearcase housing (Figures 92 and 93):

o Impact damage on the lower right side in the air inlet and bell area.
o Witness mark on feather valve transfer tube boss (Figure 94).

(b) Anti-ice shield (Figure 92):
o Torn and erushed.

(c) Air inlet portion ot the gearcase assembly (Figure 92):
o Cracked in two locations.

(d} Forward (compressor) main-shaft nut (Figure 101):
e Appeared to be undamaged.
o [landtight.

(e} Main shaft gear (Figure 101):
» Appcared to be undamaged.

(f) Compressor bearing (Figure 100):
» Appearcd to be undamaged.
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(g) Compressor air/oil carbon seal:
e Appeared to be undamaged.

(h} Fuel-pump drive shaft (Figure 141):
e Appeared to be undamaged.

(i) Gearbox oil-scavenge pump drive gearshaft:
e Appeared to be undamaged.
e Rotated freely.

(1) Tach/generator drive gearshaft:
o Appeared to be undamaged.
e Rotated freely.

(k) Engine Mounting Pads:
Left aircraft/engine mount pad:
e Intact.

Right aircraft/engine mount pad:
e Intact.

Top aircraft/engine mount pad:
e [ntact.

(1) NTS Check Valve and Orifice (Figure 95):
o Intact.
o No blockage observed.

3.5 TORQUE SENSOR SYSTEM AND DDFC GLEAR SYSTEM
(a) Torque sensor housing (Figures 93, 96, and 97):
e Serial Number: P-7767.
e Part Number: 3101726-2 Series 9.
e (Gouged on the upper, forward face with corresponding damage to the sun gear nul.

(b) First direct drive fuel-control (DDFC) gear (through the torque sensor housing):
e Appeared to be undamaged.
e Rotated ficely.
®
(¢) Second DDFC gear (through the torque sensor housing):
e Appeared to be undamaged.
» Rotated freely.
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(d) Third DDFC gear {double gear):
e Appeared to be undamaged (Figure 98).
e Rotated freely.

{e) Fourth DDFC gear (attached to the tach/generator drive gear):
e Rotaled freely.
s Web was bent (Figure 99),

(f) Helical / cam gear (Figurc 98}:
o Appearcd to be undamaged.

3.6 COMPRESSOR SECTION
{a) Shouldered (main) shaft (Figure 102):
e Appeared to be undamaged.

(b} Torsion shaft (Figure 103):
e Appeared to be undamaged.

(¢) First-stage compressor impeller shroud (Figure 104):
» Contour rub through approximately 10 degrees at the exit (Figure 105).

o Displayed witness marks corresponding to the impeller blades (Figure 106).

(d) First-stage compressor impeller (Figures 107 and 108):
e Intact.
Serial Number: 4-03501-5016,
Part Number: Unreadable.
‘There was dirt adhering to the blades and flowpath surfaces.

First-stage compressor impeller aft curvic coupling (Figure 108):
o Appeared to be undamaged.

{e) First-stage compressor diffuser (crossover duct) (Figure 109):
¢ Dented in the 6 o'clock position.
e Heavy soot on exit vanes (inlet to the second stage).

First-stage compressor diffuser labyrinth seal support:
e Intact,

Phenolic seal on the 1D of the crossover duct:
e Appeared to be undamaged.

{f) Housing for second-stage compressor shroud (Figure 110):
o Compression wrinkles (axial damage).
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e (Covered with soot on external surfaces.

(g) Second-stage impeliler shroud:
e Contour rub through 360 degrees (Figure 112) with corresponding rotational scoring
on the second-stage compressor impeller blades (Figures 113, 114, 115, and 116).

e Displayed witness marks corresponding to the second stage impeller blades (Figures
111 and 112).

(h} Second-stage compressor impeller (Figure 113):
¢ Rotational scoring on the shroud line edge of all the blades (Figures 113, 114, 115,
and 116) with corresponding rotational scoring on the second-stage impeller shroud
(Figure 112).
Serial Number: 7-03501-6500.
Part Number: 893482-1.
Lot Number: 0144.
Covered with soot on the blades and flowpath (Figure 116).

Second-stage compressor impeller [orward curvic coupling:
e Appeared to be undamaged (Figurc 113).

Second-stage compressor impeller aft curvic coupling:
s Appeared to be undamaged (Figure 114).

(1) Second-stage compressor diffuscr vane assembly:

e [ntact.
o Displaycd metallic particles at the exit of the vanes and along the flowpath (Figure
116).

3.7 COMBUSTOR SECTION
(a) Combustor plenum case (Figures 117 and 118):
o Compression wrinkles (axial damage).
s Rear mount scparated and the boss at 6 o'clock pulled out (Figure 117).

(b) Combustion chamber (Figure 119):
o Dented at 6 o'clock.

{¢) Inner transition liner;
o Appeared to be undamaged.

(d) Outer transition liner:
o Appeared to be undamaged.
o Light debris in the dished area.
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Outer transition liner honeycomb scal:
e Some wear but otherwise appeared to be undamaged.

3.8 TURBINE SECTION
(a) Center curvic (Figure 120):
e Appeared to be undamaged.

Center curvic forward curvic coupling:
e Appeared to be undamaged.

Center curvic aft curvic coupling:
e Appeared to be undamaged.

Center curvic knife-edge seal:
e Some wear but otherwise appeared to be undamaged.

(b) First-stage turbine stator (Figures 121 and 122):
»  Melal spray deposits on the leading edge of the vanes.
e DNisplayed surface wrinkles on five vanes.
o Metal spray deposits on the pressure stde of the vanes.
e Mid-span on one vane was cracked.

(¢} First-stage turbine blade tip shroud (Figure 126):
e Rotational scoring through approximately 60 degrees with corresponding rotational
scoring to the first-stage turbine blade tips (Figure 125),

(d) First-stage turbine rotor:

e Part Number: 867569-7.

o Serial Number: 3-01345-5922.

e Rotational scoring on half of the blade tips (Figure 125) with corresponding rotational
scoring on the first-stage turbine blade tip shroud (Figure 125).
Metal spray deposits on the suction side of the blades (Figure 124).
Lot Number: 4667.

»  Mctal spray deposits on the leading edge of the blades (Figure 123),

First-stage turbine forward curvic:
o Appeared to be undamaged.

First-stage turbine aft curvic:
e Appeared to be undamaged.

(e) Second-stage turbine stator (Figurcs 127 and 128):
o [Intact.
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Sceond-stage turbine stator abradable seal:

e Some wear but otherwise appeared to be undamaged.

(f) Second-stage turbine blade tip shroud:
e Appeared to be undamaged.

(g) Second-stage turbine rotor (Figures 129 and 130);
e [ntact.
e Part Number: 868272-1.
e Scrial Number: 3-01345-3585.
e T.ot Number: 4590.

Second-stage turbing rotor knife-edge labyrinth scal:

e Some wear but otherwise appeared o be undamaged.

Second-stage turbine forward curvic (I'igure 129):
e Appeared to bc undamaged.

Second-stage turbine aft curvic (Figure 130}
e Appcared to be undamaged.

(h) Third-stage turbine stator (Figures 131 and 132):
e Serial Number: 5-01345-3126.
e Part Number: 868379-3.
e Intact.

Third-stage turbine stator abradable seal:

e Some wear but otherwise appeared to be undamaged.

(1} Third-stage turbine blade tip shroud:
e Appeared to be undamaged.

(j) Third-stage turbine rotor (Figures 133 and 134):
e Intact,
e Part Number: 868630-9,
s Serial Number: 7-01345-270.
e Lot Number: 0766.

Third-stage turbine rotor knife-edge labyrinth seal:

e Some wear but otherwise appcared to be undamaged.

Third-stage turbine forward curvic (Figure 133}
¢ Appeared to be undamaged.
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Third-stage turbine aft curvic (Figure 134):
e Appeared to be undamaged.

(k) Rear curvic coupling {Figure 135):
e Appeared to be undamaged.

(1) Engine exhaust duct (Figure 138):
e Intact.

(m) Thermocouple harness assembly (Figure 139):
e Intact.

Interstage turbine iemperature (ITT) thermocouple probes:
o Appearcd to be undamaged.

(n) Turbine bearing support housing (Figure 137):
s Intact.

{0) Turbine oil-scavenge pump drive shaft (Figure 148):
» Appeared to be undamaged.
» Rotated freely.

(p) Turbine air/oil carbon seal (Figure 136):
e Appcared to be undamaged.

(q) Turbine roller bearing {Figure 136);
e Appeared to be undamaged.

(r) Aft (turbine) main-shaft nut (Figure 136):
e Appeared to be undamaged.

3.9 FUEL
(a) I'uel shutoff solonoid valve (Figure 140):
Part Number: 394230-4-1 Series 4.
* Serial Number: P-3476.
® The solenoid was partially separated from valve body.
* (overed with soot.

(b) I'uel pump (Figures 142 and 143):
Serial Number: P-1138420.
Part Number: 869151-5.

The mount flange was bent.
Covercd with soot.
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e The fuel pump was functionally tested, and found to be operable (see Appendix I).
The following canditions were observed:

L.

[¥S]

The discharge fucl flow recorded at an input shaft speed of 545 +/- 10 rpm was 0
pph, 140 pph below the minimum limit of 140 pph. This condition would have
resulted in lower than specification fuel flow during the initial engine start
sequence and would not have affected satisfactory engine operation,

The discharge fuel flow recorded at an input shaft speed ot 4536 +/- 10 rpm was
1060 pph, 290 pph below the minimum specification limit of 1350 pph. At 1060
pph, the pump is still providing almost twice as much fuel flow as required by the
fuel control at its maximum fuel flow condition of 555 pph. This condition would
not have affected satisfactory engine operation.

The discharge pressure recorded at an input shaft speed of 4536 +/- 10 rpm was
860 psig, 465 psig below the minimum limit of 1325 psig. Fuel control discharge
pressure at maximum fuel flow is 575 psig, 285 psig below the recorded pump
discharge pressure, Typical pressure losses through the fuel control arc less than
100 psig. Sufficient margin remains to conclude that this condition would not
have affected satisfactory engine operation.

{c) Fuel control (Figures 142 and 143):

Serial Number: 1297874.

Part Number: 893561-11.

Drive was free to rotate.

Covered in soot.

‘The power lever shatt was bent and not free to rotate.

The speced lever was free to rotate.

Not functionally tested in Phoenix due to damage. The unit was sent to Woodward
Governor Company for testing and cvaluation (see Attachment IT).

(d) Fuel flow divider valve (Figure 146):
Not functionally tested.

Part Number: 967464-1.
Appeared to be undamaged.
Covered in soot.

(e) Secondary (run) fuel manifold hose assembly (Figure 144):
e Displayed four segments where sheathing was burned off,

Run fuel nozzles:
o Appeared to be undamaged.

() Primary (start) fuel manifold hose assembly (Figure 145):
& Fractured at the main input linc.
o  Melied sheathing on all segments.
o Covered with soot.
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Start fuel nozzles:
e Carbon deposits on two nozzles.
e Appeared to be undamaged.

3.10 OIL
(a) Magnetic drain plug (chip detector):
e Not accessed during the examination.
(b) O1l pressure pump:
» Rotated freely.
e Appeared to be undamaged.

(¢) Gearbox oil-scavenge pump;
o Rotated freely.
e Appeared to be undamaged.

(d) Turbine oil-scavenge pump (Figure 148):
s Rotated freely.
s Appeared to be undamaged.

(e) Oil tank (Figure 147):
¢ Crushed.

3.11 ELECTRICAL
(a) Tgnition exciter (Figurc 149):
e Serial Number: 371965,
e Parl Number: 868962-2.

o (rushed.

(b) Excitor to ignitor lead assembly (Figure 150):
o Displayed onc frayed and separated jacket, however the lead was intact.
¢ Covered with soot.

(¢) Ignitors (Figure 151):
Dummy ignitor plug:
e Appeared to be undumaped.

Ignitor {1):
e Appearcd to be undamaged.
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Ignitor (2):
e Appeared to be undamaged.

3.12 MISCELILANEOUS

(a) Propeller governor (T'igure 152);

e Serial Number: P-220.

Part Number: 895490-5.
Drive spline was not free to rotate,
Fractured housing.
Mount flange was fractured.
The mput lever was not free to move.
Partially disassembled, "speeder” spring was found to be intact and properly seated.

(b) Propeller pitch control (Figure 153):
e Serial Number: P-1784.
Part Number: 895481-2 Series 3.
There was dirt adhering to the external surfaces.
Partially disassembled, pin and NTS lockout valve intacl.
Sleeve was free to move,

(c) Starter/generator (aircraft component) (Figure 154):
o Burnt wiring but otherwise appeared undamaged.
e Covered with soot.

(d) Tach generator (Figure 155):

Rotated freely.

Serial Number: 8949.

Part Number: AG34.

Covered on the exterior with debris and soot.
Displayed a burned lead wire.

(e) Anti-ice valve (Figure 156):

o Part Number: 319980-6-1.

e Serial Number: P-6531.

o [ractured connector socket,

e The solenoid was partially separated from valve body, which is attributed to impact
damage.
Covered with soot.
Found in open position. The valve was x-rayed and the internal springs were {found to
be intact. The valve appears to be open due to the partial separation of the solenoid
from the actuator housing,
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(f) Feather valve:
e Actuator arm conneclor cap was missing yet the valve actuated freely.

(g) Inlet air temperature sensor (Figure 157):
e Crushed and burned.

(h) Fuel Bypass Valve (Figure 158):

Serial Number: 3-08044,

Part Number: 895380-4.,

Appeared to be undamaged.

Functionally tested (see Appendix I). The valve did not provide bypass fuel flow at

any current delivered, this means the engine would not mechanically be limited at the
specified torque or gas temperature limits,
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4.0 ANALYSIS AND CONCLUSIONS
4.10 Analysis:

Rotation at the time of ground impact, for the left engine S/N P-30003C, was cvidenced by the
following conditions:

e Rotational scoring on the propeller shatt with corresponding rotational scoring on the
inner hore of the sun gear.

e Scoring on the aft face ol the all four planet gears with corresponding damage to the
ring gear support.

o Contour rub on the first-stage compressor impeller shroud with corresponding
rotational scoring on the shroud line edgc of the first-stage compressor impcller
blades.

e Rotational scoring on the aft hub of the first-stage compressor impeller.

e Three blades of the first-stage compressor impeller displayed Icading-edges bent
oppositc to the direction of rotation.

e Contour rub of the second-stage impcller shroud with corresponding rotational
scoring on the shroud line edge of the second-stage compressor impelier blades.

¢ Rotational scoring on the first-stage turbine blade tip shroud with corresponding
rotational scoring on the blade tips of the first-stage turbine rotor.

e Rotational scoring on the aft blade platforms of the first-stage turbine rotor.

e Rotational scoring on the aft edge of the blade tips of the second-stage turbine rator,

e Rotational scoring on the aft blade platforms of the second-stage turbine rotor.

e Rotational scoring on the third-stage turbine stator abradable seal.

e Rotational scoring on the aft blade platforms of the third-stage turbine rotor.

Operation at the time of ground impact, for the left engine S/N P-30003C, was evidenced by the
[ollowing conditions:
e Metal spray deposits on the suction side of the blades in the first-stage turbine rotor.
e Metal spray deposits on the suction side of the vancs of the second-stage turbine
stator.
e Metal spray deposits on the suction side of the blades in the second-stage turbine
rotor.
e Metal spray deposiis on the suction side of the vanes of the third-stage turbine stator.
¢ Metal spray deposits on the suction side of the blades in the third-stage turbine rotor.
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4.11 Right Engine (S/N P-30012C) Metal Spray Deposits:

The presence of static witness marks on the compressor impeller shrouds indicates that the
engine was not running at the time of impact. However, “fresh” metal spray deposits were
observed on the first-stage turbine stator vanes and the first stage turbine rotor blades. Fresh
“dynamic rubs” were also observed on the second stage compressor shroud leading to the
conclusion that the metal spray deposits were generated from contact between the second-stage
compressor impeller and its mating shroud while the engine was running. These fresh metal
spray deposits are considered to be deposits that have been exposed to a turbine temperature
environment for less than one hour.

In the analysis of engines that have been involved in accidents, the presence of fresh dynamic
compressor rubs and metal spray deposits are normally associated with an engine that is running
at the time of impact. However, in this instance, Honeywell has concluded that the fresh metal
spray deposits were made prior to impact. This is based on the physical evidence that the static
marks were made following the dynamic rubs.

Examination of the second-stage compressor shroud disclosed a rub that was axial in direction
and very uniform in appearance. These characteristics are not typical of the type of rub
experienced by an operational engine during an impact sequence. They are more typical of the
type of rub experienced as a result of using engine intake anti-ice air at outside air temperatures
of 4 C or above for a period of time exceeding 10 seconds.

4.2 Conclustons

The teardown and examination of the left engine (S/N P-30003C) disclosed that the type
and degree of damage was indicative of engine rotation and operation at the time of impact with
the ground.

No pre-existing conditions were found on the left engine (S/N P-30003C) that would have
interfered with normal operation.

The teardown and examination of the right engine (S/N P-30012C) disclosed that the type
and degree of damage was indicative of an engine that was not operating at the time of impact.

The right engine (S/N P-30012C) fuel bypass valve was found to be inoperative, Excluding
this condition, no pre-existing conditions were found on the right engine that would have
interfered with normal operation.
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ATTACHMENT 1

WOODWARD GOVERNOR COMPANY ANALYTICAL REPORT #2194287-000328
(5 pages)

PS&I:DC:196:072800
Al-1




ENGINEERING ANALYTICAL REPORT WOODWARD GOVERNOR COMPANY

Aircraft Controls Group

Class 1

CUSTOMER NAME CAR NO REPORT NO. {S/N - DATE)
National Transportation and N/A 2194287-000328

- Safety Board

CUSTOMER ORDER WOODWARD ORDER NOY.
1536014 2605625

ENGINE TYPE ENGINE SERIAL NUMBER MODEL RECEIVED ENGINE MFR. MODEL RECEIVED
TPE331 N/A 8070-311 893561-11

CONTROL TYPE MODEL SHIPPED . ENGINE MFR. MODEL SHIPFED
2228 8076-311 393561-11

AIRCRAFT TYPE AIRCRAFT TAIL NUMBER
Mitsubishi MU-2B-26A N 386 TM

TSN TSO TSR
N/A N/A N/A

LAST SHIPPED REPORT COMPLETION DATE
9/16/94 2000-4-17

REPORTED BY: SENIOR ENGINEER:

Mike Moorman Steve Krugler

1. PROBLEM DESCRIPTION

“Investigate per NTSB instruction — Unit was reported to have been involved in an incident in San Antonio, TX on Jan. 22, 2000.”

2. CONCLUSIONS

Nothing was observed that would indicate the control was not operating properly prior (o the incident. Flow anomalies observed are
attributed to the Pt2 Bellows that had lost its evacuation. Elevated temperatures from a post-incident fire caused the solder to re-{low,
opening the Bellows 1o end cap joint, allowing the pressure to increase within the bellows and shift flow schedules. The Pt2 Bellows
simulator tool used for caltbration was installed into the unit. Test data then confirmed proper function.

The disassembled control was returned to the customer.

3. CORRECTIVE ACTION
None required at this timne.

4, INVESTIGATION DETAILS
Two units (see also report 1257874-000328}) were returned to Woodward for investigation.

The following attended the investigation at Woodward, Rockton:

Jason Ragogna NTSB, Air Safety Investigator

Jim Silliman NTSB, Air Safety Investigator

Ralph Sorrells Mitsubishi, Deputy General Manager

Norm Beauregard Mitsubishi, Manager — Aircraft Technical Support
David Looper Honeywell, Sr. Product Safety Specialist

Ed Leach Woodward, Senior Engineer

Steve Krugler Woodward, Senior Engineer

Mike Moarman Woodward, Project Engineer

A visual examination of the unit way documented (sce Fig. 1). The unit was subjected to an Audit Test on a production test stand.
During initial drive rotation, unexpected noise was heard coming from the fuel control to pump interface. The fuel control was
removed from the test stand. The drive pilot was removed. A small contaminate was found below the pilot. Under magnification, the
contaminant was identified as a solder ball. It measured approximately .060 inch in diameter, and was not magnetic. The quilt shaft
was marred and slightly bent. The stub shaft that mates to the pump drive spline was removed from the pilot assembly, and testing
continued without fuel control drive rotation.

The As Received condition (see Fig. 2) revealed anomalics very similar to those of report 1297874-000328, tested prior to this unit.
Based on similar flow anomalies, the Pt2 Bellows was removed from the fuel control.
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A visual examination of the Pt2 Bellows showed a longer than normal length which is indicative of a loss of evacuation. The loss of
gvacuation is attributed to the re-flow of the solder as evidenced by a pool of solder on the inside of the Bellows base. This re-flow is
attributed to the application of heat caused by the post-incident fire, Allstate 430 solder, which is used to attach and seal the bellows t
the bellows end, has a re-melt temperature of 430 degrees F. It was agreed upon by all parties involved that the post-incident fire
would reach temperatures well in excess of 430 degrees F. Simular re-flow of solder occurred at the Ballhead to gear joints, Once the
solder cooled, the smali solder balls were free to move within the fuel control during shipment to Woodward as well as during initial
drive rotation on the Woodward test stand. A solder ball had become lodged at the drive gear to balthead gear interface as evidenced
by pressed solder into the root of one gear and markings at the tip of the mating gear tooth. It was this interference that caused the
noise heard at initial drive rotation as well as the quill shaft damage.

The main cover mounting screws were loose as well. These screws required a % to full turn to become finger tight. This looseness is
also indicative of excess heat.

A second Audit run (see Figure 3) was completed using the Pt2 simulator taol with the specific gravity adjusted 1o as shipped

conditions (.77). This data shows proper function. The simulator was used because damage to the case prevented installation of a
new bellows assembly.
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_ Figure |
’ Visual All::;::lved Repoirt TN Alreratf Engine Systems
- ~ Type2228
o Sirfall Gas Turbine Controls ‘

. DATE RECEIVED OO -3 -2 - "“‘"" SIN N!PL 2099 287  {L.#)

ORDER NUMBER : PN }\)‘[Px 3070 -3/

CUSTOMER CASE# Y 185

Shippiqg Parts: GComments:

EJ 0.~ All Ports Covered :
] Some Ports Cavered (check box below if contaminated)_

B Customer Parts in Shipbing ===

e

] No Purts Covered {check box below if contamihated) 3 0 ? “w-m%;-&g&%
Lockwire/Seals: WGC  Non‘WGC  Missing | Comments:

Cover Screws 0 ) {J

Ffl Caver Plug O A O hmn:l\;‘ "

-] _ Max Power Cover Plug d O e -

Speed Setting Shaft a A 4

Power Lever Shaft Ny O g

Power Lever Protractor © A O

P2 Bellows A ] 3

CDP Cover d 3

Other (comments) 0 | | :
Apparent Damage: . Comments:

" ONone [A Power Lever Shaft [ Photos taken ‘ :
[ other Damage [ Check T2 Screw Holes > Bandx, B Eassar %0% :
[ speed Setting Shaft ——=——__[] Driveshaft > g;,.q\,,_‘o&

[7] Caver Damage at 12 PT Screw Holes w,
[} Case Damage near bellows (thin area)
[4] Case Damage near case marking
Other Comments: | Comments:
J None [ Contaminated
] Missing Screen and Plug [ Rusty
[ Missing 12 PT Screw & Washer
[l Missing P2 Cap Screw & Washer
[ Need yellow cap (3005-013)
[ Missing cap screw (188579) & nut (188041)
] Need cover decal {power shaft) (3081-192) Vi
As Rec'd As Shipped
FUFA. CONTROL UNTT T FUEL CONTROL UNTT

ALLIEDSICNAL INC.
AE PN 9919350CN

ALLIEDSIGNAL INC.

SERYICE BULLETINS AE PN 9319350CH SERVICE BULLETING
SN SN s
MFR 66503 B MFR 66503
WSOOWARDY [QODWARD
WODDWARD GOVERNOR COMPANY ROCKRGRD, LINOIS WOUDWARD GOVERNOR COMPANY ROCKFORD, ILLINOLS
Inspacted By Date;
WOODWARD

Fil0302000-03
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El

WOODWARD GOVERNOR COMPANY PTSP; 6|1 g ‘
Rockiord, (llinois . age 8 ol
CAGE 66503 AS RE CE ' VE D Rev.L
Audit Shest
Control PIN_J82 20 . 77/ '
Datg 0.3 RE Test StandNo, /29~ Sp. Gr. Sstling = .77 or two clicks CW A-1
SIN_/29Y AT ) T2 Simulator No. /s BT 2G- 2% Fuel Inlet Temp, = 75-80 deg. F
Case X-ray No. 4755 Fuel Pump PIN2JR2  Fuellnlet Press. = 15 +2 psig
Tost Satting Sequancer Code A T 8B | ¢ ITonlT e F T & Fuel Coniral Fuel Fiow pph
Point Test Point Paramater Required Seiting Parameters Discharge
Dascripticn Sequence Lever Positions Speed | T2 { P12 Psd | Aef Fuel | Fuel Tem
Selting RPM deg | HgA | psia Disch. deg F.
USG MMV +10 Fo| 0.1 .2 Press. | WG | AR} Regd | WG [ AR
Stop | deg 0.5 HPM +2 Hg psi psig Co. Ca.

1 USG Min. Stop 73% ABDEFCG Min. o] 331115 [ B9 | 29.92 50 235 118 15

2 USG Max, Stop 95.5% ABDEFCG Max, 0 43415 { 59 | 2992 t10 315 178 15°
.3 085G Set Point 104% ABLEFCG Max. 101 47175 | 59 129492 160 375 220 110

4 Accal- | S Start Flow See Para 1.0 Min, 0 1000 59 | 2992 15 85 25 46 12 4’?

5 aration | e Braakpoind | Same as T.P. 4 { Min, 0 100¢ 59 | 29.92 [ 118.2 +1 85 ’7 - A

6 aL Sid Day ABCDEG Min. 0 1000 59 ]29092] 195 +1 210 g4 70 ot %

7 ] Std Day ABCDEFG Max, 0 2025 59 ]29.92 25 220 )i 123 +5 19

L] Sched- v Hot Day ABCDEFG Max. 0 4000 103 | 28.82 130 £25 7 458121 |99 T

9 ulg 3] 5td Day ABCDEFG Max. 0 4000 59 | 29.92 130 50D 75 438 120 [95°F

10 | Altitude ABCDEFG Max. Q 4000 59 8.98 50 . 265 205 110

11 Deceleration Schedule ABCDEFG Min. 4] 4536 59 {2982{ 135 335 173 18

12 ABCDEFG Min. 0 4536 59 | 29.92 76 270 90 15

13 ABCDEFG Min. Q 4536 59 | 29.92 44 235 7515

14 Max. Wi Limit ABCDEFG Max, 4] 4000 59 [29.92] 160 575 (7o 5505 [¢57

15 Power Flight Idle ACFBEDG Max, 40 4536 59 | 2992 90 285 . - 18315

16 Lever Hot Day ACFBEDG Max, 101 4536 103 | 17.91 120 355 **

17 Fuel Std Day ACFBEDG Max. 101 4536 58 1179 120 375 308 £10

18 Sched- Cold Day ACFBEDG Max. 01 4535 -65 [ 17.01 120 465 e

19 ula Alilude ACFBEDG Max. 104 4536 £9 8.94 50 250 155 16

20 Braakpoint ACFBEDG - 44 Set Conditions Sama as ltem15

*Record Ps3
“*Record Dalta Wi from T.P. 17. Required = 38 +15 pph
"**Record Dalta Wi from T.P, 17, Requirsd = 115 115 pph

b Bosllnere .

T 2InfLg
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WOODWAHRD GOVERNOR COMPANY TSP-1613
Rackford, lllincis ' Page 8of 9
CAGE 66503 . . Rev.L
Audit Sheet AS R ECE IVED
Control PIN_FI 26 37/
Date__ 00 - 7' 2% TesiSlandNo._~ 25~ __ Sp. Gr. Seiting = .77 or two clicks CW A-1
SIN_/A24RT 7 T2 Simulator No. /2 FFAC-2S __ Fuel inlet Temp. = 75-80 deg. F
Case X-ray No._#/55 Fusl Pump PN TAS _ Fusllnlet Press. = 15 2 psig
Tesl Setling Sequancer Cade Al B J ¢ TITb1{i{E F | & Fusl Conlral Fusl Flow pph
Point Test Peint Parameler Required Setting Parameters Discharge
Description Sequence Lever Positions Speed | T2 | Pt2 Ps3 | Ref Fuel | Fuel Temp
Setling RFM dag | Hg A psia Disch. dag F.
USG | MMV 10 F. 1 101 £0.2 Press. | WG | MR | Reg'd | WG | AR
Stop | deg +0.5 RAPM 2 Hg psi psig Co. Co.
1 USG Min. Slop 73% ABDEFCG Min. 0 351115 | 69 {2992 50 235 118 15
2 USG Max. Stop 95.5% ABDEFCG Max. 0 4341 x5 | 59 | 20492 110 315 178 16
3 O8G Set Point 104% ABDEFCG Max. 101 47175 | 59 | 29.92 160 375 220 +10
L) Accel- | S | Start Flow See Para 1.0 { Min. 0 1000 59 [20.92 15 85 |7 &2 46 12 l¢o
5 eration | o Breakpoint | Same as T.P. 4 { Min. i] 1000 53 | 290.921 182 +1 85 57 - V7.0
[ aL | SldDay ABCDEG M. i} 1060 | 59 |2092(195+1| 210 |¥7 0 s
7 -] Sid Day ABCDEFG Max. 4 2025 59 | 29492 25 220 57 Ie s 12315 |76
B | Sched-| v [ Hot Day ABCDEFG | Max. 0 4000 | 103 [ 2082 | 130 525 |92 |¥vy | 458 121 390
3 ule [F} 5id Day ABCDEFG Max. 0] 4000 59 | 29.92 130 500 |22 ¢37| 438 £20 [¥3¢
10 1 [ Alitude ABCDEFG | Max. D 4000 | 59 | B98 50 265 |F% 205 £10 /2L
11 Daceleration Schedule ABCDEFG Min. 0 4536 59 |29.92 135 336 |0 173 18
12 ABCDEFG Min, 0 4636 59 | 29.82 76 270 90 15
13 ABCDEFG Min. 0 4636 59 | 29.92 44 235 7515
14 Max. Wi Limit ABCDEFG Max. 0 4000 59 ) 28.92 160 575 |74 Y| BE0 15 |95 Y
15 Power Ftight idle ACFBEDG Max, 40 4536 58 | 29.92 90 285 . 183 15
16 Laver Hol Day ACFBEDG Max. 101 4536 103 1 17.91 120 356 b
17 Fuel Std Day ACFBEDG Max. 101 4536 50 11791 120 375 308 10
18 Sched- Cold Day ACFBEDG Max. 101 4536 65 | 17.91 120 465 e
19 ule Allilude ACFBEDG Max. 101 4536 59 5.98 50 250 156 18
20 Breakpoinl ACFBEDG - 44 Set Conditions Sams as llem15
*Aecord Ps3 i
**Record Delta Wi from T.P. 17. Reguired = 38 115 pph 5P L@ 77

***Record Delta Wi from T.P. 17. Required = 115 115 pph
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ENGINEERING ANALYTICAL REPORT WOODWARD GOVERNOR COMPANY
Aircraft Controls Group
Class |
CUSTOMER NAME CARNO REPORT NO. (&/N - DATE)
National Transpertation and N/A 1297874-000328
Safety Board
CUSTOMER ORDER WOODWARD ORDER NO.
1536013 2605624
ENGRNE TYPE ENGINE SERIAL NUMBER MODEL RECEIVED ENGINE MER. MODEL RECEIVED
TPE331 N/A 8070-311 893561-11
CONTROL TYPE MODEL SHIPPED ENGINE MFR. MODEL SHIFPED
2228 8070-311 893561-11
AIRCRAFT TYPE AIRCRAFT TAL NUMBER
Mitsubishi MU-2B-26A N 386 TM
TSN TS0 TSR
N/A N/A N/A
LAST SHIPPED REPORT COMPLETION DATE
9/16/94 2000-4-17
REPORTED BY: SENIOR ENGINEER:
Mike Moorman Steve Krugler
1. PROBLEM DESCRIPTION

“Investigate per NTSB instruction - Unit was reported to have been involved in an incident in San Antonio, TX, on Jan. 22, 2000

2. CONCLUSIONS

Nothing was observed that would indicate the control was not operating properly prior to the incident. Flow anomalies observed are

attributed to the Pt2 Bellows that had lost its evacuation. Elevated temperatures from a post-incident fire caused the solder to reflow,
opening the Bellows to énd cap joint, allowing the pressure to increase within the bellows and shift flow schedules. Replacement of

the Pt2 Bellows confirmed proper function.

The disassembled control was returned to the customer.,

3. CORRECTIVE ACTION
Nong required at this time.

4, INVESTIGATION DETAILS
Two units (see also report 2194287-000328) were returned to Woodward for investigation.

The following artended the investigation at Woodward, Rockton:

Jason Ragogna NTSB, Air Safety Investigator

Jim Silliman NTSB, Air Safety Investigator

Ralph Sorrells Mitsubishi, Deputy General Manager

Norm Beauregard Mitsubishi, Manager — Aircraft Technical Support
David Looper Honeywell, Sr. Product Safety Specialist

Ed Leach Woodward, Senior Engineer

Steve Krugler Woodward, Senjor Engincer

Mike Moorman Woodward, Project Engineer

A visual examination of the unit was documented (see Fig. 1). The unit was subjected to an Audit Test on a production test stand.
The As Received condition (see Fig. 2} revealed anomalies that required additional data points, thus the full detailed test schedules
were run for Standard Day, Hot/Cold, and Altitude conditions (sce Figures 3,4). A second Audit run was completed with the As
Received conditions, adjusting only the specific gravity to the as shipped condition of .77 (see Figure 5). Based on the data acquired
from Figure 5, the Pi2 Bellows, which senses ambient pressure, was replaced and a third Audit run was completed (see Figure 6)
showing proper function,

F27062/00-01
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A visual examination of the Pt2 Bellows showed a longer than normal length which is indicative of a loss of evacuation. The loss of
evacuation is attributed to the re-flow of the solder as evidenced by a pool of solder on the inside of the Bellows base. This re-flow is
attributed (o the application of heat caused by the post-incident fire. Allstate 430 solder, which is used to attach and seal the bellows

to the bellows end piece, has a re-melt temperature of 430 degrees F. It was agreed upon by all parties involved that the post-crash
fire would reach temperatures well in excess of 430 degrees F.
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Figure |
" Visual As Received Report " Alreratt Eagioe Systems
- Type 2228
_ Small Gas Turbine Controls
DATERECEVED _ (0=~ AR sv 12978179 (RH)
ORDER NUMBER PN ROI0-311
CUSTOMER CASE# N\ /A HI0d
Shipping Parts: Comments:
[J ©.K.~ Alt Poris Covered [Z1 Customer Parts in Shipping =
[ Some Ports Covered (check box below if contaminated) )
[ No Ports Cavered (check box below if contamihated) E{Q_P _
Lockwire/Seals: wac Non-WGG Missing | Comments: ; 5
Caver Scraws O |
F/l Cover Plug [ O ]
Max Power Cover Plug | O 7
Speed Setting Shaft O O A
Power Laver Shaft A | (M
. Pawer Lever Protractor A O 0
Pt2 Bellows P [ O
1] CDP Gover A O |
.| Other (comments) O d O
i : .&cr_u:. i—)mu- NAAY7T
|| Apparent Damage: Comments: W AnFon
.| [ None i Power Lever Shaft T\ [ Photas taken. o
[ Other Damage [ Check T2 Screw Holes = BarX
[J Speed Setting Shaft ] Driveshaft
. [A Cover Damags at 12 PT Screw Hoes
- [A Case Damage near befiows (thin area)
(A Case Damage near case marking '
Other Comments: Comments: 3‘ & -
[T None {0 Contaminated .
[ Missing Screen and Plug 3 Rusty .
[0 Missing 12 PT Screw & Washer T
[ Misging P2 Cap Screw & Washer
[ Need yeltow cap (3008-013)
[ Missing cap screw (188579) & nut (188041}
[T] Need cover decal (power shaft) (3081-192)

As Rec’d As Shipped
FUEL CONTROL UNIT FUEL CONTROL UNIT
ALLIEDSIGNAL TNC. ALLIEDSICNAL INC.
AE PN 9219350CN SERVICE SULLETINS AE PN #9193500N SERVICE BULLETINS
8N SN
MFR 66503 ) MFR 66503
WSEOWARD' [QCDWARDY | ..
WOODWARD GOVERMNOR COMPANY ROCKFORD, LLINOIS WOODWARD GOVMCOWW RQg_(.FORD. ILLINGIS

Inspected By Data:

WCOODWARG

F2T0302000-63
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WOODWARD GOVEANQOR COMPANY
Rockford, lliinois

AS RECEIVED PrEr et

7482
¥y
Y500

CAGE 66503 Rev.t
Audit Sheot
Control PIN_EO 20 - 57/ - o
Date +F- Test Stand No, ./ 2 % Sp. Gr. Selling = .77 or two clicks CW A-1
SIN_/, kv T2 Simulator No.//FEP0-23"  Fual Inlet Termp. = 75-80 deg. F
Case X-ray NO._%'M Fuel Pump PING ZR2 - Fuel Iniel Press. = 15 £2 psig _
o P
Test Setling Sequencer Codo A ] B T €T Tl et F J & Fuel Control | ,»z‘% Flow pph:
Point Test Point Parameter Reguired Seiting Parameters Discharge ' -
Description Sequence Lever Positicns Speed Tz P2 Fs3 Ret Fuel | Fuel Temp
Satting RPM deg [ HgA | psia Disch. deg F.
usG MMV 10 oo 101 ic.2 Press. | W.G | A/R | Regd |W.G [ AR
Stop | deg H0.5 RPM 12 Hg psi psig Ca. Co.
1 USG Min. Stop 73% ABDEFCG Min. 0 331145 | 59 {29.92 50 233 77 1186 75
2 USG Max. Stop 95.5% ABDEFCG Max. 0 4341 45 | 69 |1 29.62 110 315 % 1785 [3/Y
3 0S5G Set Point 104% ABDEFCG Max. 101 471715 | 59 | 28.82 160 75 1FR 22010 |/ T
4 Accel- | 5 Start Flpw See Para 1.0 Min. 0 1000 59 | 29.62 15 35 27 4612 s
5 eration | e Breakpoint | Same as T.P. 4 | Min. Q 1000 59 | 29.92]18.2 H1 a5 97 - J
6 aL | Std Day ABCDEG Min. ] 1000 | 69 | 2952 [ 19541 210 |§9 70 g
7 e Std Day ABCDEFG Max. 0 2025 59 | 29.82 25 220 |I¥7 123 16 |&
[:] Sched- | v [ HolDay ABCDEFG Max. a 4000 103 | 29.92 130 525 |F¥ 458 +21 |99¥
9 ule a Std Day ABCDEFG Max. 1] 4000 59 | 29.92 130 500 77 438 120 | ¥ 7¥
10 | Altilude ABCDEFG Max. 0 4000 59 5.98 50 265 |94~ 205 $10 L2y
11 Deceleration Schedule ABCDEFG Min. 1] 4536 59 | 29.92 135 s |17 17318 |[/FR
12 ABCDREFG Min. 0 4536 53 ] 29.92 76 270 \/ge 9045 (93
13 ABCDEFG Min. 0 4536 69 | 29.92 44 235 AT/ 7515 |&.7
14 Max. Wi Limit ABCDEFG Max. 0 4000 59 §29.82 160 575 A 580 5 1;’7]‘
15 Power Flight Idle ACFBEDG Max. 40 4536 59 | 29.92 50 285 |ro 18315 V2O
16 Lever Het Day ACFBEDG Max. 101 4536 103 {17.97 120 3855 o6 " /
17 Fuel Sid Day ACFBEDG Max. 101 4536 59 | 17.91 120 375 ip] jcg 1o |/ 22
18 Sched- Cold Day ACFBEDG Max. 101 4536 65 | 17.9 120 485 27 e Las
19 ula Altitade ACFBEDG | Max. 101 4536 59 | 8.98 50 250 |/ 15546 /5T
20 Broakpoinl ACFBEDG - 44 Set Conditions Same as tem15 . E-dl
“Aecord Ps3 s frnnat o gt Aom Mg%‘(

"*Hecord Delta Wi trom T.P. 17, Required = 38 115 pph

**Record Deha Wi from T.P. 17. Required = 115 £15 pph
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WOODWARD GOVERNOR COMPANY

Rockton, Illinois USA

Class

|

EAR 1297874-000328
Page 5 of 5

ENGINEERING ANALYTICAL REPORT

Fi

gure 3

WOODWARD GUVEANCR COMPANY TSP-1613
Recikford, fingis Page 3 of 9
CAGE 66503 Rev.L
Hoid Canstant: Tt2 = 59 deg. F Pt2 = 14.7 psia
© Test | inlet | Req'd Lever | Input Ps3 Pfn wi - pph Wi- Hysteresis
Point | Flow Positions | Speed | psia psig pph
peh deg. RPM
Rat +-25
USG | MFL | Read | Reqd Reqd Rag'd Actual | Actual ;| Spec | Act.
1.1 150 Mir. 0 450 15 50 Record g | .- ——ue | —
12 | 450 | Min. | Q | 1000 15 85 842 ¢/ e | e | ween
13 450 | Max. | 0 1000 15 a5 48+2 |47/ e | s |
3.4 | 450 | Min. | O | 1000 | 18.2 1 85 4522 /7. —— | — | —
157 | 450 | Min. [ "0 ] 1000 [ 185 210 70 2 e | =
1.6 [ 1000 | Max. | 0 | 2025 25 220 12345 |40 o | rena | —
1.7 1400 | Max, 0 3000 50 255 2028+ |25 enme i Mmend
1.8 | 1750 { Max. | O | 3600 70 295 | 26610 177 e == | -
1.9 1850 | Max. 0 4000 30 335 309 12t (¢3¢ 3
110 [ 1850 | Max. | O 4000 120 420 388115 (#2727 [
1.1 | 1950 | Max, [ O 4000 135 540 466 21 |¢2F | e | e —
1,12 | 1950 | Max. | O 4000 160 750 570 +10 [2 2 | o | e —

Remarks: “*With Wf as specified increasa Pa3 untit W starts to increase. Record Ps3.
“+*Adjust Ps3 from a lower to a highar satting for exact WI of 70 pph. Record Ps3.

Test Data Shaet
Altitude Accelaration Schedules

2 15,000 FOOT ACCEL SCHEDULE
Hotd Constant TH2 =59 deng. F P12 = 8.8 psia
Test Iniet Required Lever Input Ps3 psia | Pfn psig Wi = pph
Point Flow Ref Positicns (dag.) Spead
USG MFL Reg'd Reg'd Req'd Req'd Actual
2.1 450 Min. Q 1000 8.5 80 B +e ¥/
2.2 1400 Max, o] 3100 30 230 1206 |77
2.3 1950 Max. 0 4000 80 270 2045 /77
2.4 1950 Max. o] 4000 75 300 253+12 3AC
2.5 1950 Max, Max 4000 80 355 338 £15 | YAY
3 30,000 FOOT ACCEL SCHEDULE
Hold Constant: Tt2 =58 deg. F Pt2 = 4.4 psia
Tost Imtet Required Lever Input Ps3 psia | Pin psig Wi = pph
Point Flaw Ref Posttiens (deg.) Spesd
. USsG MFL HReg'd Req'd Aegq'd Req'd Actual
3.1 1950 Max. Q 4000 25 225 99+4 |F4
3.2 1950 hMax. 0 4000 35 240 1225 /47
3.3 1950 Max. i 4000 50 265 205 +1¢

76

F27062/00-01




WOODWARD GOYERNOR COMPANY EAR 1297874-000328
Rockton, Iltinois USA Page 6 of 6

Class 1
ENGINEERING ANALYTICAL REPORT

Figure 4
E WOODWARD GOVERNGR COMPANY TSP-1613
Rockford, lliinois Page 4 of 9
CAGE 66503 ) Rev.L
4 HOT DAY ACCEL SCHEDULE
Hold Constant: 12 =103 deg. F P12 =14.7 psia
Tast Intet Requirsd Laver Input Ps3 psia | Pin psig Wi = pph
Point Flow Ref Positiens {deg.) Speed
USG MFL Req'd Req'd Req'd Req'd Actual
4.1 450 Min. 0 1000 15 30 5046 W73
4.2 1600 Max. i 3400 50 260 21046 [/¥7
4.3 1550 Max. 1] 4000 ED) 340 32419 |¢¥ 2
4,4 1950 Max. 0 4000 130 525 45812 [¥2¢
5 COLD DAY ACCEL SCHEDULE
Hold Constant: T2 = -80 dag. F P12 = 14.7 psia
Test Inlet Required Lever Input P53 psia, ; Pin psig Wf = pph
Point Flow Ref Positions (deg.} Speed
USG MFL Req'd Reqd Heq'd Reg'd Actual
5.1 450 Min. 0 1000 15 80 46+ 177
5.2 1400 Max. 0 3000 50 2580 1788 AR
5.3 1850 Max. i 3800 80 315 275 +11 |78/
5.4 1950 Max, 0 4000 135 485 408413 [&/76
5.5 15850 Max. 101 deg. 4000 160 885 510 Min. ¥ 3%
=] UNDERSPEED GOVERNOR 73% SPEED
Hold Constant: MFL =Q deq. Tt2 = 59 deg. F P2 = 14.7 psia
Test USG Laver Input Inlet Ps3 psia | Pfn psig Wi = pph
Point Positions Speed 15 | Flow Ref
Reqd Actual Reg'd Req'd Req'd Req'd Actual
(deg.)
8.1 11,5425 - 3210 1300 50 235 180 Min.
Min.
6.2 11.5 +2.5 - 3311 1300 50 235 11815
6.3 11.5 £2.5 - 3333 1300 50 235 N
! 6.4 11.532.5 - 311 1300 50 235

Remarks: *A Min. ot 5 pph !ess than the fuel flow at Data Point 6.2

7 UNDERSPEED GOVERNCR 95.5% SPEED
Hold Constant: MFL =0 deg. Tt2 =83deg. F Pi2 = 14.7 psia

Test USG Lever Input Inlet Ps3 psia | Pfnpsig Wi = pph
Paint Pasitlons Speed 5 | Flow Ref )
Redq'd Actual Req'd Rag'd Req'd Redq'd Actual
(deg.}
7.1 39 +.25 4287 Min. 2050 135 360 252 Min.
7.2 39 +.25 4341 2150 110 315 178 5
7.3 35 +.25 4420 2150 110 315
7.4 39+25 4341 2150 110 315 -
7.5 14 +1 3400 1500 55 280 122 +3

Remarks: ™ Set speed and fuel flow. Record speed laver angla. Reg.: 14 +/- 1 deg.
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WOODWARD GOVERNOR COMPANY

Rockford, lilingis

CAGE 66503

Control PRN_B¢ 290 374

7o 3/
00 7. F%

TS5P-1613

TS PoR @ S =077 Ag RECEIVED ™

Audit Sheet

Sp. Gr. Setting = .77 or two clicks CW A-1

Dals, Tost Stand No._/ 7 ¥
SN__/ 29 787¢ T2 Simulator No, //¥¥R8-2% _ Fuel Inlet Tamp. = 75-80 deg. F
Case X-ray No.____¥/02 Fuel Pump PIN.G 34  _ FuslInlet Press. = 15 12 psig
Test Setting Sequencer Code A B | ¢ IbpJe] F ] & Fual Control Fual Flow pph
Point Test Point Paramoter Requiregd Setting Parameters Discharge
Description Sequence Levar Positions | Speed | T2 | P2 Ps3 | Ref Fuel | Fuel Temp
Selting RPM deg | HQA | psia Disch. deg F.
USG MMV 10 F. 10.1 0.2 Press. | W.G | AR | Heqd |W.G | AR
Stop { deg305 | RAPM 12 Hg psi psiy Co. Co.
1 USG Min. Stop 73% ABDEFCG Min. [ a1 +5 | 69 [29.92 50 235 07 11815 |/37&
2 USG Max. Stop 95.5% ABDEFCG Max. 0 4341 +6 | 59 | 29.92 110 315 /oy 1785 (707
3 0SG Set Peint 104% ABDEFCG Max. 101 471715 | 56 | 20.92 160 375 SO 22010 14T
4 Accel- | S Start Flow Sea Para 1.0 Min. 0 1000 E9 {2992 15 85 ey 4642 ¢/
5 eralion | e Breakpoint | Sameas T.P. 4 1 Min. 0 1000 B9 129.92 | 18.2 +1 85 23 - 3.y
& al 5td Day ABCDEG Min. 0 1000 59 | 29.92 | 19.5 t1 210 1o R 70 Fi ki
7 Z] Std Day ABCOEFG.. Max. 0 2025 59 ] 29.92 25 220 Yi-74 12345 |&/
8 Sched- | v Hot Day ABCDEFG Max. 0 4000 103 1 29.92 130 525 /0 A 458 121 W‘g
9 ule a 5Std Day ABCDEFG Max. 0 4000 59 ]29.82 130 800 /G0 438 120 | ¥ 7%
10 I Altitude ABCDEFG Max. 0 4000 59 | 598 50 265 /eF 205410 |/7 7
11 Deceleration Schedule ABCDEFG Min. c 4536 59 | 28.92 135 335 /07 17348 |¥17¢%
12 ABCDEFG Min. 0 4536 59 | 29.82 76 270 |[/O0% g0t5 7Y
13 ABCDEFG Min, ] 4536 59 | 29.92 44 235 sOF 75 5 T‘d:?
14 Max. Wi Limit ABCDEFG Max. [4] ADDD 59 ) 2052 160 575 pid?l 550 £5 |¥7A
15 Power Fiight Idle ACFBEDG Max. 40 4536 59 12992 90 285 /09 183 15 |7y
16 Lever Hat Day ACFBEDG Max. 101 4536 103 | 17.91 120 385 /T - o
i7 Fusl Std Day ACFBEDG Max. 101 4536 89 11791 120 J75 73 308 +10 |/
i Sched- Cold Day ACFBEDG Max. 11 4536 -65 1 17.91 120 465 /1y e [N
19 ule Altitude ACFBEDG Max. 101 4535 &8 B.98 50 250 74’ 15516 |/¢35_
20 Breakpoin! ACFBEDG - 44 Set Conditions Same as llem 15
“Record Ps3

**Aecord Della Wf from T.P. 17. Required = 38 115 pph
.. *“*Record Della Wf from T.P. 17. Required = 115 £15 pph
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CAGE 66503 ev.L
Audit Sheest % & .71 AS RECEI VED
Contral PIN_B& 20 - 37/
Date_ ¢ 7.2F TestStandNo./ 29 Sp. Gr.Setling = .77 or two clicks CW A-1
SIN./29 2T ¢ T2 Simulator NQ([E!;;‘U e Fuel Inlet Temp, = 75-80 deg. F
Caso X-ray No. 9702 Fusl Pump PIN.GSA# Fuel Inlst Press. = 15 12 psig
Test Setting Sequencer Code Al B T ¢ ToTET F T & Fuel Control Fuel Flow pph
Point Test Point Parameter Required Setting Parameters Discharge
Descripticn Sequence Lever Positions Speed | T2, | Pt2 Ps3 | Ref Fual | Fuel Temp ‘
Selting RFM deg | HJA | psia Disch. deq F.
usa | MMV 10 F. | t0.1 | 0.2 Press. | WG | A/R | Aegd | W.G AR
. Stop | deqg +0.5 RPM 2 Ho psi psig Co. Co.
1 USG Min. Stop 73% ABDEFCG Min. [} 331115 ] 59 [29.82] 50 235 |7 11815 /92 7776
2 USG Max. Stop 95.5% ABDEFCG Max. a4 434115 { b9 {29.82 110 318 |9¥ 1785 Q77T e’ 8
3 OS5G Set Point 104% ABDEFCG Max. 101 471715 | 59 | 29.92 160 375 73 220 £10 Y'Y &0 o
4 Accel- | § | SlatFlow | See Para 1.0 | Min. Q 1000 59 | 2g5.92 15 85 ¢ 4612 |yO
5 eration | & | Breakpoind | Sameas T.P. 4 | Min. Q 1000 59 |29.92[18.2+1 B5 152 - Ve
6 at Std Day ABCDEG Min. 0 1000 58 2992 ] 19511 210 g4 70 29 A
7 a Std Day ABCOEFG Max, 0 2025 58 | 2992 25 220 ¥ 74 12315 |[//5
B Sched- v Hat Day ABCOEFG Max. 4] 4000 103 | 2992 130 526 g/ 458 121 [ 7
8 ule e Std Day ABCDEFG Max. o] 4000 59 | 29.92 130 500 7 438 20 197/
10 ] Allilude ABCDEFG Max. 0 4000 59 8.98 50 ' 265 Fad 205 110 |RaF
11, Deceleration Schedule ABCDEFG Min. O 4536 5% | 29.92 135 335 /4 17318 Vo7
12 ABCDEFG Mir. ] 4536 59 12982| 76 270 /02 05 1§/
i3 ABCDEFG Min. 0 4536 £9 | 29.82 44 235 0¥ 7516 6%
14 Max, Wi Limit ABCDEFG__ | Max. 0 4000 | 59 | 28821 10 55 97 |473 | 85645 |9 27
15 Power Flight tdle ACFBEDG Max, 40 4536 59 | 2992 50 285 /o 18315 |/86
16 Lever Hot Day ACFBEDG Max. 101 4536 103 1 17.91 120 355 |0 . I8
17 Fusl Sid Day ACFBEDG Max. 101 4536 58 |17.91] 120 s pos 308 +10 |32/
18 Sched- Cold Day ACFBEDG Max. 101 4536 -65 } 17.91 120 465 63 e /s
19 ule Altituda ACFBEDG Max. 101 4536 59 5.98 50 280 /04 8516 V¢
20 Breakpoint ACFBEDQ - 44 Set Condilions Same as ltem15
*Record Ps3 )

“*Racord Delta Wi from T.P. 17. Required = 38 +15 pph
"**Record Delta Wi from T.P. 17. Required = 115 £15 pph
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